Abstract. We present new in situ solar wind plasma measurements obtained during Ulysses fast transit from the south solar pole to the north one, which took place 1 year before the 1996 sunspot minimum. The data were obtained with the radio receiver of the Unified Radio and Plasma Wave Experiment, using the method of quasi-thermal noise spectroscopy, which is relatively immune to spacecraft potential perturbations and whose density measurements are independent on gain calibrations. We analyze the electron density and the core electron temperature. We deduce their radial profiles in the steady state fast solar wind; southward of 40 ø latitude, between 1.52 and 2.31 AU, the total electron density varies as n• ocr (-9"øø3+ø'ø15), while the core temperature varies as Tc oc r(-ø'64+ø'ø3). This allows to estimate the interplanetary electrostatic field using a simplified fluid equation. We also study, poleward of 40 ø (where the variance of both parameters are very low), the histograms of the electron density and core temperature scaled to 1 AU, assuming the above determined radial variation. Each histogram shows a single class of flow with a roughly normal distribution. We find a mean electron density of 2.65 cm -3 in the southern hemisphere which is about 8% larger than in the northern one. The core temperature histogram is centered at a mean of 7.5 x 104 K in the south, and of 7 x 104 K in the north. This small asymmetry may be due to a genuine solar asymmetry between the two hemispheres and/or to a temporal variation since solar activity slightly decreased during the Ulysses exploration.
noise spectroscopy is its relative immunity to the spacecraft potential and photoelectron perturbations which, in general, affect particle analyzers. On Ulysses in the ecliptic plane, this method was applied to study the solar wind plasma at various heliocentric distances [Hoang et al., 1992; Maksimovic et al., 1995] . It is currently being extended to measure the solar wind speed using the low-frequency part of the thermal spectrum, which is due to the proton thermal noise Doppler-shifted by the wind velocity. This extension is necessary at high latitudes where the solar wind speed is large, and hence affects significantly the plasma QTN.
In this paper, we concentrate on the pole-to-pole variations of the electron density and core temperature, which are determined with a very good accuracy by this method [Meyer-Vernet et al., 1997], thus completing the preliminary results published by Hoang et al. [1996] and lssautier et al. [1997] . It is crucial to measure these parameters in welldefined conditions in order to constrain solar wind models.
Indeed, up to now, theories based on fluid descriptions cannot explain the observed high-speed flow if the wind is only driven by the classical electron heat flux [see, e.g., Hundhausen, 1972] . Recent kinetic approaches based on the Vlasov evolution of non-Maxwellian velocity distributions yield promising results [Scudder, 1992; but are not fully satisfactory because they neglect collisions, i.e., take the opposite extreme of fluid descrip-tions although the Knudsen number near the Earth's orbit is of order of unity. Given the present lack of understanding of the transport of thermal energy by the electrons, reliable measurements of the cold electron temperature radial profile and polytropic index are needed.
Previous measurements of temperature gradients were performed near the ecliptic plane and generally referred to several types of flows and/or different phases of the solar cycle. Even a careful separation of slow and fast winds and of stream-stream interaction regions as well as discarding transient events cannot completely sort out a single type of stationary flow and may also create bias. In contrast, during Ulysses fast pole-to-pole transit, the spacecraft was immersed during several months in the steady state fast solar wind near solar minimum, allowing an analysis of the temperature gradients and the north/south asymmetries in a well-defined and stationary type of flow. This is one of the goals of the present paper.
In section 2, we present an overview of URAP observations during the pole-to-pole transit. In section 3, we analyze the radial and latitudinal variations of the electron density and core temperature, and we deduce an empirical polytropic law. Statistical distributions of the above parameters are discussed in section 4. We compare our results with some previous observations and discuss some implications in solar wind physics in section 5. Final remarks are given in section 6.
Quasi-Thermal Noise Method and Ulysses Observations

Basics of the Method
When a passive electric antenna is immersed in a stable plasma, the thermal motion of the ambient particles produces electrostatic fluctuations, which are completely determined by the particle velocity distributions. This quasithermal noise can be measured at the terminals of an antenna connected to a sensitive radio receiver; the analysis of the voltage power spectrum enables us to measure in situ plasma parameters [Meyer-Vernet and Perche, 1989]. It yields an accurate determination of the electron density since the electron thermal motions excite Langmuir waves, which produce a spectral peak just above the plasma frequency f•,. Moreover, the electrons passing around the antenna induce voltage pulses on it, producing above f•, a noise level which decreases as the observing frequency increases and a plateau just below this frequency. The spectrum level and the shape on both sides of f•, give the bulk temperature. The method is currently being generalized ] to measure the plasma bulk speed. Because the proton thermal velocity is much smaller than the plasma bulk velocity, the proton noise spectrum is strongly Doppler-shifted, and it can be observed far above the proton characteristic frequencies. The solar wind speed is thus deduced from the analysis of the proton contribution to the low-frequency thermal spectrum.
Practically, a plasma diagnostic is performed by (1) assuming a model of the velocity distribution (we describe the distribution of the electrons by the superposition of a cold (c) and a hot (h) Maxwellian [Feldrnan et al., 1975] and that of the protons by one drifting Maxwellian), (2) calculating the theoretical spectrum produced by these distributions, and (3) deducing the parameters of the model by fitting the theory to the data.
The observations were performed with the URAP radio receiver [Stone et al., 1992] , connected to the 2 x 35 m electric thin dipole antenna located in the spacecraft spin plane. The receiver is linearly swept through 64 equally spaced frequency channels (of bandwidth 0.75 kHz and duration 2 s), covering the low-frequency band from 1.25 to 48.5 kHz in 128 s. This receiving mode is well suited to measure plasma thermal noise spectra on Ulysses with a good frequency resolution. Figure 1 shows a typical example of the observed voltage power spectrum. The solid line represents the best fit of the theoretical electron-plus-proton QTN to the observed spectrum; the fit is good since the tr is less than 2%. The model fitting yields the total electron density he, deduced from the plasma line, the core electron temperature To, the proton bulk speed V and temperature T•,, and the electron suprathermal parameters na/nc, Ta/T•. The latter parameters have large statistical uncertainties (which are obtained from the fitting procedure) because suprathermal particles are revealed by the detailed shape of the spectral peak [Chateau and Meyer-Vernet, 1991 ] whose measurement requires a better frequency resolution. Preliminary results on the solar wind speed generally give a precision of 10-30% on it depending on the latitude. The best accuracy is obtained for the total electron density which is known with an accuracy of a few percent since it is derived from the measurement of a frequency and is thus independent of the receiver gain calib- Note that in the following section we selected the core temperature and the electron density data for which the fitting of the voltage power spectrum to the observations (see Figure 1) is the best; i.e., the sigma of the fit is better than 2.5%. Table 1 for a summary of the results). Since we can consider from our linear regression on the density that the southern data set is a good sample of stationary highspeed solar wind in spherical expansion, we conclude that the core electron temperature variation with heliocentric distance in such a steady wind can be described by the power law Tc ocr -ø'64+ø'øa between 1.52 and 2.31 AU. This result is obtained with X 2 -22,155 and N -52,644 data points, which gives a goodness-of-fit probability very close to 1; (such a good value suggests that the measurement errors might have been slightly overestimated). Hereafter, we will use this law to scale our measured core electron temperatures, and the r -2 law to scale the densities.
Overview of the
North-South Asymmetries
The results obtained in the southern hemisphere suggest a lack of latitudinal variations there. This is in agreement with the small value of the electron density latitudinal gradient reported by Issautier et al. [ 1997] . Note that such an independence from latitude was also found, for example, for the radial magnetic field scaled to r -2, poleward of 40 ø [For- syth et al., 1996] . In contrast, the high value of the density power index, with respect to 2, obtained at high northern latitudes suggests that the data in that hemisphere exhibit not only a radial variation but also a latitudinal and/or temporal variation.
This north-south asymmetry might be due to a genuine solar asymmetry, as suggested for example by coronal observations; for instance, the northern coronal hole was larger than the southern one during Ulysses fast transit. However, it may also be due to a temporal variation since the measurements were made over nearly one year during the declining solar cycle toward minimum. Anyway, this point is difficult to settle; using in-ecliptic measurements, Schwenn [1983] found indeed long-term temporal variations of the same order of magnitude in the average solar wind, but this may reflect the variation in the occurrence rate of different types of flow instead of genuine variations of the high-speed wind 
Statistical Analysis
In this section, we analyze and compare the distributions of our data in the two high-latitude regions determined above, poleward of 40 ø. To avoid mistaken conclusions due to the asymmetry of Ulysses trajectory, as shown in Figure   2 , the plasma parameters have to be corrected for their radial dependence before analysis. Note that the mean value of each density histogram is slightly lower than that deduced from a preliminary analysis . (This would remain true even if the same latitude ranges had been chosen in both analyses.) This is because the present data are obtained using a more sophisticated analysis of the QTN spectra which now takes into account the drift velocity and is thus better adapted for highspeed stream measurements. It gives about 20,000 more measurements from pole-to-pole than the previous analysis.
Histograms of Electron
Figures 7a and 7b represent the histograms of the scaled core temperature, using a bin size of 3400 K and assuming the r -0'64 law found above, poleward of 40 ø. The south histogram is centered at 7.5 x 104 K while the north one is centered at 7 x 104 K, i.e., the electrons in the northern hemisphere are about 7% colder than in the southern one. We fitted each histogram with a single normal distribution, which has quite the same mean and standard deviation, given in Figures 7a and 7b , as the observed histograms (see Table  3 ). This confirms that the core temperature distributions are roughly normal as are those of the density.
Statistical Moments
Poleward of 40 ø, the mean values and the standard deviations of the electron density and core temperature deduced from the Gaussian fittings are close to those of the measured histograms given respectively in Table 2 and Table 3 . This suggests that the fitted curves are rather well suited to describe the data in the high-speed streams, especially for the electron density where the tr of the Gaussian fitting is only about 6%.
To settle this point more precisely, we calculated the first four cumulants of the distributions, i.e., the mean, variance, 
where we substituted •, by vtc/lm! with vtc -V/2kT,/me. This yields a collisional term of order 3% of the pressure term, which justifies the approximation made. Note that the velocity difference may be larger [Scime et al., 1994] , so that this term might no longer be negligible, making the true electrostatic field larger than the above estimate.
Summary and Final Remarks
Contrary to previous spacecraft observations which were restricted to near the ecliptic plane where different types of flow interact, Ulysses remained for a long time in high-speed steady flow. In such a flow, we accurately found a radial profile of the electron density in r -•, in the steady state fast solar wind coming from the south polar coronal hole. We find there a radial variation of the core temperature in r -ø'64 (between 1.52 and 2.31 AU from the Sun), which is in the range of previous near ecliptic studies in the highspeed wind, near solar activity minimum. This suggests that the electron density and core temperature scaled to 1 AU are independent from high southern latitudes. In contrast, they exhibit a temporal and/or latitudinal variation in the northern hemisphere, as noted by Phillips et al. [ 1995a] ; note that these variations in the northern hemisphere which are absent in the southern one might possibly explain the north/south asymmetry on the proton temperature radial profile obtained by Goldstein et al. [1996] .
Histograms of both parameters poleward of 40 ø show that (1) the scaled electron density and core temperature are roughly normal although not exactly so, with the four corresponding cumulants given in Tables 2 and 3, (2) in the southern hemisphere, the histograms show a mean density of 2.65 cm -a and a mean core temperature of 7.5 x 104K whereas in the northern one the scaled electron density and core temperature histograms are centered respectively at 2.45 cm -a and 7 x 104 K. This indicates an asymmetry slightly smaller than 10%, with a southern hemisphere slightly denser and warmer than the northern one. Likewise, various authors have reported north-south asymmetries on different plasma parameters [Marsden et al., 1996] . In particular, Goldstein et al. [1996] find that at latitudes greater than 40 ø , the average solar wind speed is 15-25 km s-• larger in the north than in the south; this is qualitatively consistent with our result, given the wellknown anticorrelation of density and speed in the solar wind. This may be explained by a genuine asymmetry between the north and the south polar coronal holes; for example, polarimetric coronal hole observations made in white light during the 1994 eclipse suggest such an asymmetry [Koutchmy and Bocchialini, 1997] ; in addition, the expansion factors of coronal field lines close to the Sun were different in the south and in the north [Goldstein et al., 1996] . This may, however, also be due to a temporal variation in the recorded data since they have been obtained over a 10 months period during which the solar activity slowly decreased to minimum.
